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Next, we will discuss the significant constraints that will influence the need for sensor development, 
such as high temperature, advanced materials, and program requirements. Following that, I will discuss 
five or six sensors most commonly used, their limitations, and some possible solutions. Finally, we 
will present some overall conclusions. 



LU 



pi 


CO 

< 


z 

CO 

Z 

Ul 

Ul 

Z 

< 

3 

X 

u> 

Ul 

Ul 

Z 

LU 

£ 

LU 

oc 

LU 

O 

CO 

Z 

o 



£ 

UJ 

Ctt 

£* 

3 

< 

og 


o 

Q£ 

3 

o 

m 

CO 

Z 

o 

u 

< 

UJ 

oc 

LU 

< 

O 

UJ 

Q£ 

u 

as. 

O 

CO 


Ul 

OL 


CL 

2 

£ 

£ 

CO 

2 

Z 


>- 

z 

Ul 

UJ 

< 

m 

o 


cz 

< 



a* 

co 

CO 


< 

u 

I 

£ 

O 

U 

3 


£ 

u. 

o 

3 

O 

IL 

u 


£ 

3 

CO 

z 

o 

Ul 

X 

• 

X 

Ul 

• 

Q. 

• 

u 

UJ 

Q. 

CO 

z 

o 

u 


• 

• 




• 

• 


75 


&5 







O 










bD 


H 










a 


O 




1 






?} 


P 

P 


ft 

'X 

G 

CO 


0) 



•H 


■ o 


o 

P 

G 

CD 


J3: 



> 

* 

CD 



cd 


S 



ft 


o 

CD 

P 


p 


3 

•H 



o 

<u 

G 

G 



o 

•s 

a; 

P 


* 

a) 

G 

ft 

O 

CD 


•H 

CD 

B 



B 

<L) 

0) 


S 

P 


P 

a 


G 


<D 

H 

G 

> 

<u 

•X 

CO 

G 

CD 

P 


■-3 § 

o 

H 

3 

O 


P 

•H 

CO 

p 

p 

ft 


tG 

P 

H 

ft 


O 



p 

p 

O 


cd 

CD 

O 



g 

CO 

O 

CD 

G 




p 

ft H 


ft 

U 

P 

B 

G 

P 


(D 

P 

< 

CD 



(D 


a> 

ft 

O 


P 



P 


<D 

a 

a> 

G 


*H 


P 

cd 

G 

O 


X 

G 

p 

•H 


P 



B 

O 

0) 


P 

T5 

cd 

G 

• 

cd 


P 


ft 

•TD 



co 

G 

cd 

P 

o 


P 

*> 


0 


ft 

G 

cd 

(D 

O 

•H 


•H 

P 

P 

G 


O 

cd 

'X 

G 

*H 

H 


s 

G 

CO 

ft 



G 

o 


P 

ft 



O 

O 


CD 

ft 

E 

CD 

cd 

ft 




u 

CO 


TJ 



CO 

H 

cd 


G 

a 


p 


g 

ft 

<d 

CD 

rH 



CD 

CD 

H 

p 


P 

O 

ft 

P 

cd 

CD 


> 

p 

cd 

<D 


•H 


p 

P 

ft 

p 


n) 

CJ 

P 

S 


G 

>> 



CO 

p 


5 


o 

CD 


bo 

-P 

G 

P 

p 



5 


p 

G 


cd 

•H 

•rH 

rH 

•H 

p 


p 

P 


*H 


B 

ft 


cd 


G 



CO 

<D 

3 



g 

CD 

P 

G 

P 


• *N 

CD 

P 

cd 


<D 

3 

ft • 

| 

-rH 



Q 

P 


CD 


X 

G 

CD 

CD 

CD 

n 





G 


P 

cd rH o 

C 

P 

CO 


Q 

•s 






i— 1 cd 

o 

P 

p 


•s, 

p 

• 

>> 


ft 

TG 

■H <P 



p 


H 

o 

P 



O 

<d 

> b 

>> 

O 

CD 


HH- 

*H 

g 

cd 



bO 

p 

3 

rH 

P 

fi 



P 

3 

P 



o 

CO CO 

CD 


(D 

• 

P 

cd 

o 

■H 


G 

CD 

G 

p 

P 

G 

P 

CO 

G 

s 

B 


•H 

ft 

O CD 

cd 

a 

•rH 

P 

O 

P 

3 

•H 


TJ 

X 

CO X 

s 

CD 

G 

a; 

o 

•H 


rH 


g 

0) 

G P 

•H 

ft 

cd 

fi 


H 

CO 

CD 


CO 


CD 

X 

CO 

CD 

ft 

>> 

cd 

•H 

G 


-p 

0) 

CO X 

o 

CD 

G 

o 


o 

P 

ft 


V 1 

ft 

g 

G 

G 


H 

S 


P 


• 

G 

P 

cd CO 

ft 


G 

CD 




CD 

p 

CD 


ft 

ft P 

O 

> 

G 

P 

CO 

H 

g 


X 

p •* 

cd 

P 

CO 

a> 

O 

G 

a; 

P 

3 

c 

p 

CO 


■H 

p 

tG 

CO 

O 

B 

P 

a 

p 

•H 

ft cd 

G 

> 

CD 


p 

ft 

•rH 

G 

•rH 


> 

O CD 

o 


CO 

a> 

CD 

ft 

P 

P 

ft 

g 


G 

p 

tG 


G 

CO 

CD 


CO 

•H 


CO 

>> Cd 


(D 

G 

•H 



o 


P 


G 

p 

CO 

P 

(D 

G 

CD 

P 

H 

CD 

bO 

G 

O 

•h cd 

G 

cd 

P 

cd 

bD 

O 


P 

•H 

O 

•r-t 

G bO 

O 

G 

P 

CD 

cd 

•H 

O 

P 

CO 

>> 

P 

O cd 

CO 

rH 

O 

G 

G 

P 

P 




cd 

*n> H 

p 

cd 



CD 

cd 


P 

CD 

CD 

o 

d <D 

CD 

> 

CD 

H 

> 

r— 1 

c 

P 

P 

> 

o 

E co 

CO 

CD 

P 

H 

cd 

H 

G 

•rH 


*H 

rH 

p 



P 

*H 


cd 

G 

> 

tG 

bO 


cd ft 

p 

'X 


J* 

% 

P 



H 


a; 

ft 

1 — 1 

P 

P 



to 

i — l 

tG 

G 

O 

rH 

p • 

(D 

cd 

G 

<D 


p 

H 

g 

O 

ft 

O 

bO 

P 


O 

G 


•H 

CD 

3 

U 


•H 

P C 

CO 

ft 

ft 

cd 

• 


> 




G 

X 

cd -H 

1 

(D 

ft 

> 

9 

•s 


*» 

CO 

CO 

5 

aj 

ft > 

CD 

P 

G 


G 

bD 


G 

p 

Eh 

0 

> 

p 

P 

o 

CO 

G 

a) 

p 


O 

CO 

JS 

ft 


<D 

P 

a> 


cd 

a 

•rH 


•rH 

o 

m 

[fl 

rH 

CD P 

1 

i — i 

O 

P 

p 

P 


H 

u 



cd 

P P 

P 

<D 

P 


o 

o 

P 

H 


H 

co 

G 

O 

P 

CO 


G 

o 

•H 

CO 

•rj 


K 

•H 

< D 

G CO 

O 


P 

O 


P 

o 

B 

o 

M 


G 

cd 


>> 

CO 

CO 

cd 

•H 

a 


H 

o 

ft 

CD 

rH 

(D 

H 

•H 

p 

tG 


O 

H 

O’ 

G 

bO H ft 

CO 

CO 

X 

CD 

CO 

p 

<D 

o 

O 

w 

cd 


•H O 

G 

G 

CD 

CO 

*H 

O 

P 

H 

ft 

PC 

a 

<D 

> G 


O 




O 

p -fee- 

< 


o 

CD 

CO 

>> 

*H 

CO 

o 

P 





PC 


G 

G 

cd 

O 

CD 

•rH 

CO 

H 

•X 

G 

P 

a 

bO 

X 

O * 

£ 


O 

ft 

o 

cd 

p 

<D 

O 

CO 

G 

p 

P CO 


TG 

•H 

o 

P 

o 

> 


a 

•H 


p 

CD 

P 


O 


to 

*H 

O 


w 

> 

G 

G 

H 


h 

CD 

G 

•H 

P 


3 

CO 

o 

> 

’ U 

P 


bd 

ft 

O 

CO 

cd 

CO 

P 


H 

O 

G S 

P 

CD 

O 

CO 

CO 


p 

cd 

p 

w 

rH 

X 

O C 

G 

G 

H 


p 

•s 

p 

> 


a 

O 

co 

•H O 

P 

cd 

O 

(D 

CD 

bO 



G 

Fh 

ft 


P G 

CO 


a 

P 

CO 

P 

M 

CO 

(D 

Fh 


CD 

cd *H 


>> p 

P 


•H 

G 

p 


P3 

CD 

> 

o >■ 

(D 

CD 

o 


CD 

G 

u 

p 

G 

X 

ft 

cd 

O G 

ft 

P 

CD 

O 

P 

•rH 

O 

0) 

3 

CO 


ft 

rH CD 


P 

P 

P 



tG 

S 

H 


76 


PRELIMINARY SHUTTLE SENSOR REQUIREMENTS 

| CABIN I WING/FUSELAGE | SURFACE -300' 
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SENSOR CONSTRAINTS 
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You will note the upper surface will be near 600 F (316 C) and the bottom surface near 183 O F (999 C 
for the entry phase of the mission. The nose stagnation temperature reaches 2600°F (lkOk°C) and the 
leading edge a maximum of 2910°F (1599°C). During the boost phase, the vertical fin tip reaches 
a peak of 2050°F (1121°C). 
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INTERNAL HEATERS 

LIMIT DIAPHRAGM DISPLACEMENT 



iperature sensors will be subjected to the most severe thermal environment on the vehic. 
,his section will concern itself primarily with the design of sensors to meet this sevei 
Design selection will favor thermocouples since development problems of thermocouple! 
•ed to be more amenable to solution than for resistance element surface sensors, becausi 
ice element sensor utilization would require the solution of the problems of bonding to 
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DESIGN AND FABRICATE AS AN INTEGRAL 
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• POSSIBLE SOLUTION 

• EXPAND TEMPERATURE CAPABILITY OF 
DISPLACEMENT SENSOR 
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OSSIBLE SOLUTION 

• HIGH TEMPERATURE PIEZOELECTRIC MATERIAL BEING 
DEVELOPED 
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